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SUMMARY 

a 

0 

0 

T h i s  r e p o r t  p r e s e n t s  t h e  r e s e a r c h  work  p e r f o r m e d  a t  

The  C a t h o l i c  U n i v e r s i t y  o f  A m e r i c a  on t h e  r e s e a r c h  g r a n t  

e n t i t l e d  “ A c t i v e  C o n t r o l  o f  Robot  M a n i p u l a t o r  C o m p l i a n c e ,  I ’  

( G r a n t  No. NAG 5 - 7 8 0 ) .  s u p p o r t e d  b y  NASA/Goddard S p a c e  

F l i g h t  C e n t e r .  The  r e s e a r c h  w a s  p e r f o r m e d  f r o m  November 

1 6 t h ,  1 9 8 6  t o  May 1 5 t h ,  1987. 

I n  t h i s  r e p o r t  w e  f i r s t  r e v i e w  t h e  r e s e a r c h  r e s u l t s  

t h a t  h a v e  b e e n  o b t a i n e d  t h r o u g h  t h e  p r o j e c t .  Then t h e  r o b o t  

a c t u a t o r ,  t h e  s e l e c t i o n  o f  t h e  da t a  a c q u i s i t i o n  sys t em a n d  

t h e  d e s i g n  o f  t h e  power  a m p l i f i e r  w i l l  be d i s c u s s e d .  The  

m a c h i n e  d e s i g n  o f  t h e  r o b o t  m a n i p u l a t o r  w i l l  t h e n  be 

p r e s e n t e d ,  A f t e r  t h a t ,  w e  w i l l  d i s c u s s  t h e  i n t e g r a t i o n  o f  

t h e  d e v e l o p e d  h a r d w a r e s  i n t o  t h e  o p e n - l o o p  s y s t e m .  The  

r epor t  i s  c o n c l u d e d  by a d d r e s s i n g  t h e  c u r r e n t  a n d  f u t u r e  

r e s e a r c h  w o r k .  
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R o b o t i c s  h a s  p r o m i s i n g  a p p l i c a t i o n s  i n  t h e  space 
a 

s t a t i o n  p r o g r a m  as p o i n t e d  o u t  i n  [ l l ,  Assembly  of  l a r g e  

space s t r u c t u r e s  c a n  b e  p e r f o r m e d  b y  a u t o n o m o u s  r o b o t s ,  

P r o d u c t  a s s e m b l y  i n  s p a c e  such  a s  m a t i n g  a n d  f a s t e n i n g  o f  

p a r t s  r e q u i r e s  a v e r y  h i g h  p r e c i s i o n ,  B e c a u s e  o f  t h e  

enormous  d i f f e r e n c e  i n  t o l e r a n c e  b e t w e e n  p o s i t i o n  a n d  r o b o t  

0 
m a n i p u l a t o r s ,  c o m p l i a n c e  s h o u l d  be p r o v i d e d  t o  t h e  

m a n i p u l a t o r  s o  t h a t  i t  c a n  comply  w i t h  t h e  t a s k - i m p o s e d  

c o n s t r a i n t  171. T h i s  c a n  be d o n e  b y  e m p l o y i n g  t h e  h y b r i d  

c o n t r o l  scheme t h a t  c o n t r o l s  p o s i t i o n  a l o n g  s p e c i f i e d  
e 

degrees o f  f r e e d o m  a n d  i n d e p e n d e n t l y  c o n t r o l s  f o r c e  a l o n g  

t h e  r e m a i n i n g  degrees o f  f r e e d o m  [ 4 1 .  W e  s t a r t e d  o u r  

a n a l y s i s  o f  t h e  h y b r i d  c o n t r o l  s cheme  w i t h  t h e  

t w o - d e g r e e - o f - f r e e d o m  r o b o t .  I n  [71 t h e  d y n a m i c s  o f  a 

r o b o t  w i t h  two  degrees  o f  f r e e d o m  w a s  m o d e l e d ,  Then b y  

0 
u s i n g  t h e  s y s t e m  s i m u l a t i o n  l a n g u a g e  (SYSL), t h e  c o m p l e t e  

s y s t e m  i n c l u d i n g  t h e  a c t u a t o r s ,  t h e  r o b o t  d y n a m i c s ,  f o r c e  
* 

a n d  p o s i t o n  feedback w a s  s i m u l a t e d  on a n  IBM PC [ F i g . l l .  A s  

p o i n t e d  o u t  i n  [ 8 ] ,  p r o p e r  a d j u s t m e n t s  o f  t h e  c o n t r o l l e r  

g a i n s  e n a b l e d  t h e  r o b o t  t o  p e r f o r m  s u c c e s s f u l  o p e r a t i o n s .  

Even t h o u g h  good r e s u l t s  have b e e n  o b t a i n e d ,  n o  c l e a r  

r e l a t i o n s h i p  b e t w e e n  t h e  c o n t r o l l e r  g a i n s  a n d  t h e  s y s t e m  

r e s p o n s e s  h a v e  b e e n  i d e n t i f i e d .  

I n  o r d e r  t o  t e s t  t h e  p e r f o r m a n c e  o f  t h e  h y b r i d  c o n t r o l  

1 



scheme on a physical system, it was proposed to actually 

build the two-degree-of-freedom robot and interface it 

with an IBM personal computer through a data acquisition 

system. In the following, we will present the development 

of the hardwares for the robot implementation and design 

of the necessary electrical devices and computer 

interfaces, 

2. THE ROBOT ACTUATOR 

le 

Two ball screw actuators, manufactured by Motion 

Systems Corporation were used to implement the robot arms 

[Fig. 21. This is an in-line actuator that has a stroke of 

16 inches and is driven by a permanent magnet DC motor 

(24 VDC, 3000 RPM, 3" diameter, 2.5 Amps no-load current) 

[Fig. 31 .  The ball screw actuator 85262 if equipped with 

heavy duty brake, support bushing, cover tube, rod end and 

trunnion pins is numbered by 85261. 

3, THE DATA ACQUISITION SYSTEM 

The interfacing between the outside world consisting 

of the robot manipulator, drivers, sensors and the IBM 

computer is done through a data acquisition system, The 

data acquisition system consists of an IBM data 
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acquisition and control adapter , a dist.ribution panel 

and a selected software package running the system. We 

selected the Labtech Notebook software package because 

open and closed-loop control algorithms are readily 

implemented and PID (Proportional-Integral-Derivative) 

controllers can be set up for closed-loop control. The 

data acquisition and control adapter has 4 analog input 

channels (12-bit resolution) and 2 analog output channels 

(12-bit resolution). The voltage of the input and output 

channels can be selected to be either unipolar (0 to 10 

volts) or bipolar (2 5 volts or 2 10 volts). The input 

current assumes 5 4 milliamps at maximum input voltage. 

The maximum output load current is +5 milliamps. - 

4. THE POWER AMPLIFIER 

Since the maximum power that the data acquisition 

board can deliver is not sufficient ( + l o  V ,  +5 milliamps) 

to drive the DC motor whose no-load consumption is 

characterized by +24 volts and 2.5 amps, a power amplifier 

was designed to amplify the output signal of the data 

acquisition board. The design employed high-power 

operational amplifiers OPA501 manufactured by Burr-Brown 

corporation and compatible heat sinks 0805HS (3' c/watt), 

The maximum current (7 Amps) delivered by the power 

amplifiers can be set by selecting a proper resistor R . 

- - 

sc 
I 
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I n  o r d e r  t o  make t h e  g a i n  o f  t h e  power  a m p l i f i e r  

a d j u s t a b l e ,  t h e  feedback r e s i s t o r  R, w a s  s e t  t o  

( f i x e d )  a n d  t h e  v a l u e  o f  t h e  i n p u t  r e s i s t a n c e  c o u l d  be 

v a r i e d  b e t w e e n  0 a n d  1OkD p o t e n t i o m e t e r  [ F i g .  5 1 . T h e  power  

a m p l i f i e r  w a s  h o u s e d  i n  a n  A r c h e r  i n s t r u m e n t  case whose  

f r o n t  p a n e l  p r o v i d e d  a l l  n e c e s s a r y  c o n n e c t i o n s  t o  power  

s u p p l i e s ,  i n p u t  f r o m  data  a c q u i s i t i o n  b o a r d  a n d  o u t p u t  t o  

DC m o t o r s .  

be o f  l O K n  

a 
5 .  

a 

a 

0 

0 

F i g ,  2 i l l u s t r a t e s  t h e  t w o - d e g r e e - o f - f r e e d o m  r o b o t  

m a n i p u l a t o r  t h a t  m a i n l y  c o n s i s t s  of  2 b a l l  s c r e w  i n - l i n e  

a c t u a t o r s ,  a f i x e d  u p p e r  p l a t f o r m ,  m o t o r  c o v e r  t u b e s  a n d  

c o n n e c t i n g  j o i n t s  a n d  b e a r i n g s .  The u p p e r  p l a t f o r m  w a s  

m a d e  o u t  o f  a 36x9~1 ( i n c h )  s o l i d  b o a r d  t h a t  w a s  s e c u r e d  

t o  t h e  c o n c r e t e  w a l l  b y  3 s t e e l  b r a c k e t s .  To h a n g  t h e  

a c t u a t o r s  u n d e r  t h e  u p p e r  p l a t f o r m ,  w e  m a d e  two  a l u m i n i u m  

tubes  a n d  s l i d e d  them o v e r  t h e  two m o t o r s .  The a c t u a t o r s  

w e r e  t h e n  s e c u r e d  t o  t h e  c o v e r  t u b e s  b y  2 b o l t s .  

I n t e r m e d i a t e  caps a n d  bear ings  w e r e  u s e d  t o  a t t a c h  t h e  

c o v e r  t u b e s  t o  t h e  u p p e r  p l a t f o r m .  E a c h  u p p e r  j o i n t  t h a t  

a l l o w s  r o t a t i o n  a b o u t  t h e  z - a x i s ,  c o n s i s t s  o f  a l i n e a r  

p i l l o w  b l o c k ,  a s h a f t  h a n g e r  a n d  a s t e e l  s h a f t  t h a t  w e r e  

a l l  m a n u f a c t u r e d  by W i n f r e d  M .  B e r g  I n c  a n d  w e r e  m o d i f i e d  

t o  f i t  t h e  d e s i g n  o f  t h e  r o b o t ,  The  e s s e n t i a l  pa r t  of 
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e 

t h e  d e s i g n  w a s  t h e  d e v e l o p m e n t  o f  a j o i n t  t o  c o u p l e  t h e  

two  e n d  p o i n t s  of  t h e  t w o  a c t u a t o r s ,  S e v e r a l  t y p e s  o f  

j o i n t  w e r e  designed,  t e s t e d  a n d  m o d i f i e d  t o  o p t i m i z e  t h e  

g r ipper  m o t i o n  i n  t e r m s  of c o n v e r s i o n  o f  r o t a t i o n  t o  

l i n e a r  m o t i o n ,  v i b r a t i o n  a n d  w o r k s p a c e .  The f i n a l i z e d  

j o i n t  c o n s i s t s  o f  a s h a f t  h a n g e r ,  b e a r i n g  m o u n t i n g  p l a t e  

a n d  a low f r i c t i o n  b a l l  b e a r i n g ,  Some m e c h a n i c a l  p a r t s  

w e r e  m a n u f a c t u r e d  b y  W i n f r e d  M .  B e r g  I n c  a n d  some w e r e  

m a d e  b y  I n - h o u s e  m a c h i n e  s h o p .  

The o v e r a l l  d i m e n s i o n s  o f  t h e  r o b o t  i s  descr ibed  

b e l o w :  

-Width ( d i s t a n c e  b e t w e e n  t h e  

a t t a c h m e n t  p o i n t s  o f  t h e  

a r m s  t o  t h e  u p p e r  p l a t f o r m ) :  

- L e n g t h  of  e a c h  a r m  

( f u l l y  e x t e n d e d )  : 

- H e i g h t  ( d i s t a n c e  b e t w e e n  

t h e  u p p e r  p l a t f o r m  a n d  t h e  

g r ipper )  : 

29" 

51" 

51" 



6 .  THE OPEN-LOOP SYSTEM - ___L_----_____ 

a 

0 

F i g ,  6 i l l u s t r a t e s  t h e  o v e r a l l  c o n f i g u r a t i o n  o f  t h e  

h a r d w a r e s  a n d  c o m p u t e r  i n t e r f a c e  t h a t  h a v e  b e e n  d e v e l o p e d  

up  t o  now, T h i s  i s  m a i n l y  a n  o p e n - l o o p  s y s t e m  i n  w h i c h  n o  

s e n s o r s  f o r  p o s i t i o n  a n d  f o r c e  h a v e  b e e n  i n t e g r a t e d .  The  

c o m p l e t i o n  of a c l o s e d - l o o p  f e e d b a c k  s y s t e m  w i l l  be 

d i s c u s s e d  i n  t h e  n e x t  s e c t i o n ,  

7 .  CURRENT AND FUTURE WORK 

a 

a 

C u r r e n t l y  a n d  i n  t h e  f u t u r e  w e  w i l l  m a k e  a l l  e f f o r t s  

t o  a c c o m p l i s h  t h e  f o l l o w i n g :  

- T r o u b l e s h o o t i n g  t h e  open- loop  s y s t e m  a n d  m a k i n g  p r o p e r  

a d j u s t m e n t s  i n  t h e  da t a  a c q u i s i t i o n  b o a r d  a n d  i n  t h e  power  

a m p l i f i e r s ,  

- M o d i f y i n g  t h e  r o b o t  m a n i p u l a t o r  h a r d w a r e s  i f  n e e d e d ,  

- S e l e c t i n g  a p r o p e r  p o s i t i o n  s e n s o r  (LVDT) a n d  a f o r c e  

s e n s o r  a n d  i n t e g r a t i n g  t h e m  i n t o  t h e  o p e n - l o o p  s y s t e m ,  

- U s i n g  t h e  L a b t e c h  No tebook  s o f t w a r e  package t o  i m p l e m e n t  

t h e  h y b r i d  c o n t r o l  s c h e m e ,  

-Runn ing  t h e  c o m p l e t e  c l o s e d - l o o p  sys tem a n d  m a k i n g  

e v a l u a t i o n s ,  
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8 .  CONCLUSION 

a 

0 

a 

T h i s  r e p o r t  u p d a t e d  t h e  d e v e l o p m e n t  of t h e  h a r d w a r e s  

a n d  c o m p u t e r  i n t e r f a c e  f o r  a t w o - d e g r e e - o f - f r e e d o m  r o b o t .  

The  r o b o t  m a n i p u l a t o r  w a s  i m p l e m e n t e d  by  2 b a l l  s c r e w  

a c t u a t o r s  a n d  n e c e s s a r y  mach ine  d e s i g n s .  A da ta  a c q u i s i t i o n  

s y s t e m  c o n s i s t i n g  o f  a da t a  a c q u i s i t i o n  a n d  c o n t r o l  adap te r  

a n d  t h e  L a b t e c h  No tebook  s o f t w a r e  package w a s  s e l e c t e d  t o  

i n t e r f a c e  t h e  r o b o t  m a n i p u l a t o r  t o  t h e  IBM c o m p u t e r .  W e  

t h e n  d i s c u s s e d  t h e  des ign  of a power  a m p l i f i e r  t h a t  d r ives  

t h e  DC m o t o r  o f  t h e  r o b o t  a c t u a t o r .  The i n t e g r a t i o n  o f  t h e  

d e v e l o p e d  h a r d w a r e s  i n t o  a n  o p e n - l o o p  s y s t e m  w a s  t h e n  

p r e s e n t e d .  The r e p o r t  w a s  f i n a l l y  c o n c l u d e d  b y  d i s c u s s i n g  

a l l  c u r r e n t  a n d  f u t u r e  work  of t h e  r e s e a r c h  p r o j e c t .  

e 
7 
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Fig. 2 :  The R o b o t  Manipulator 
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Fig. 4: E l e m e n t s  o f  t h e  Power A m p l i f i e r :  a )  O p e r a t i o n a l  

A m p l i f i e r ,  b) H e a t  S i n k .  
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ORIGINAL PASE IS 
OF POOR QUALITY 

Fig. 7: Bearings and Joints for t h e  Robot 


